Combining efficiency, effectiveness, and sustainability is crucial for companies to succeed in today's context of fierce competition. This paper investigates how intermodal transport can be adopted for managing supply chains according to a Lean and Green approach. A scenario-based estimation tool was developed to quantify the potential demand for intermodal transport. The tool was applied to the Italian Fast Moving Consumer Goods (FMCG) supply chain. Following, a single longitudinal case study on a FMCG company (Procter & Gamble) was carried out to investigate the enabling factors for the adoption of intermodal transport. Our results show that it is possible to shift demand from road to rail: a number of pathways for action were identified that related to planning and management, assets, train services, collaboration, legal issues, and incentive schemes. Also, a collaborative business model for making the modal shift possible was presented. This paper is original because it offers an investigation of Lean and Green Supply Chain Management through intermodal transport by adopting a supply chain perspective and providing a bridging link between academic studies and field evidence.
Introduction
In today's context of global economy and fierce competition, the "prize" will go to those companies that will excel from an efficiency, effectiveness, and sustainability perspective (Garza-Reyes 2015) .
Recently, the traditional approaches of Lean Supply Chain Management (LSCM) and Green Supply Chain Management (GSCM), respectively focused on cost and waste reduction and on environmental strategies and practices, have been paired for concurrently achieving the objectives of efficiency, effectiveness, and sustainability (Garza-Reyes et al. 2016, Martínez-Jurado and Moyano-Fuentes 2014) . The new resulting paradigm, Lean & Green Supply Chain Management (L&GSCM), has progressively gained popularity, and a number of studies to foster the adoption of this approach have been proposed (Piercy and Rich 2015) .
Within L&GSCM, a crucial role is played by transportation . Companies make intense use of transport to cope with demand from their customers, and the cost share in the supply chain due to transport is significant with transportation activities being some of the main sources of greenhouse gases emissions (Piercy and Rich 2015, Ghiani, Laporte and Musmanno 2013) . Within the remit of transportation, one of the main initiatives that can be undertaken to achieve the targets of L&GSCM is the adoption of intermodal transport, given its potentialities in terms of cost and emissions reductions (Anten, Ploos van Amstel, Verweij 2014 , Bhattacharya et al. 2014 ). This view is widely supported also by the European Commission, which has made repeated, constant efforts to facilitate the modal shift from road to intermodal road-rail transport (EngLarsson and Norrman 2014, Beskovnik and Twrdy 2012) .
However, the use of road transport has reduced slightly over many years (Anten, Ploos van Amstel, Verweij 2014) , and the reasons behind this phenomenon still seem underexplored (Lammgard 2012) . This calls for further studies on the investigation on the adoption of intermodal transport initiatives along with the related challenges and enabling factors to foster a step-change in the growth of intermodal transport.
The described scenario provides the motivation of this study. The Fast Moving Consumer Goods (FMCG) supply chain is taken into account as an application example.
The remainder of this paper is organized as follows: the theoretical background is presented in Section 2, while the objective, research question, and scope of the study are outlined in Section 3. Section 4 describes the adopted research methodology. Section 5 presents and discusses the results of the study, and in Section 6 we conclude the paper by providing final remarks and future research directions.
Theoretical background
Intermodal transport can be defined as the combination of two or more different modes of transport, where the load is transported in one and the same intermodal transport unit, with most of the route travelled by rail, inland waterway, or ocean shipping (SteadieSeifi et al. 2014, Caris, Macharis and Janssens 2013) . The adoption of intermodal road-rail transportation has been encouraged to reduce the CO2 emissions related to the movement of goods along the supply chain (Eng-Larsson and Norrman 2014).
The literature has addressed the adoption of intermodal transport solutions from different perspectives, each of them investigating the views of different stakeholders, i.e.
shippers, carriers, and society (Eng-Larsson and Kohn 2012) . While the perspectives of the carriers and society have already been widely investigated, the perspective of the shippers has been overlooked (Monios 2015) . Likewise, an end-to-end supply chain perspective has been neglected so far (Monios 2015, Caris, Macharis and Janssens 2013) .
When addressing the adoption of intermodal transport, the literature suggests three levels of decision making, i.e. strategic, tactical, and operational (SteadieSeifi et al. 2014) .
Strategic planning relates to investments on infrastructures to support policy makers (e.g. Iannone 2012) . Tactical planning deals with the optimal use of the existing infrastructure by designing intermodal services, i.e. planning itineraries and frequencies (e.g. Kreutzberger 2008 ). Operational planning tackles real-time requirements of multimodal operators, for optimizing routing/drayage operations (e.g. Escudero et al. 2013) . A further research stream addresses information technology to manage real-time information for intermodal planning (e.g. Macharis et al. 2012) . The three different levels of decision making have been investigated mainly through quantitative models. The interested reader should refer to the literature reviews published by SteadieSeifi et al. (2014) and Caris, Macharis and Janssens (2013) .
Furthermore, contributions have revolved around the feasibility of the adoption of intermodal transport for the distribution of goods (Meisel, Kirschstein and Bierwirth 2013) .
With reference to the shift from road to rail, three groups of challenges have been identified:
 Operational and quality factors. These revolve around transit times, reliability, flexibility, order visibility, safety from damage, transparency of the actual costs, asset utilization, and break-even distance justifying the modal shift (Monios 2015) . A major issue related to these factors is demonstrated by customers' perceptions of the intermodal service. Customers do not usually perceive that intermodal transport is able to satisfy the market requirements related to these factors in the delivery of the service (Woodburn 2006) .  Product-related factors. These are directly connected with the "suitability" of products for intermodal transport. They include product value, product demand profile, size and weight, and perishability (Eng-Larsson and Kohn 2012).
 Supply chain management factors. Include inventory levels, delivery windows width, planning, and ordering processes. These need to be taken into account to ensure consistency of decision making along the supply chain. There is a strong interdependency of the modal choice decisions on different levels in a supply chain context, which cannot be made in isolation (Eng-Larsson and Kohn 2012) . Mind-set and cultural changes are needed to enable the modal shift through the development of suitable business models able to achieve a holistic view of the supply chain (Monios and Bergqvist 2015, Blome and Schuetz 2014) . Cooperation and integration among supply chain partners in decision making and planning are needed to achieve economies of scale and make intermodal services profitable (Vachon and Klassen 2006) . This is critical since the literature found the industry reluctant to adopt such a collaborative approach (De Langen and Van der Horst 2008) . Some endeavours in this direction have investigated freight consolidation (Zhou, Van Hui and Liang 2011) , collaborative intermodal hub networks (Groothedde, Ruijgrok and Tavasszy 2005) and sustainable collaborative networked organisations (Jaegler and Burlat 2012) . Effective solutions can be developed especially when horizontal and vertical collaboration are combined in supply chain decisions (Mason, Lalwani and Boughton 2007) .
The existing literature includes some contributions where these three groups of challenges emerge through the discussion of some cases. Maes and Vanelslander (2011) discuss the case of the French retailer Monoprix, centred on the adoption of intermodal transport in an urban logistics context, where the existing sub-urban rail transport lines are used to approach the city distribution hubs. In this case the viability of the intermodal transport is connected to product-related factors (bulky and heavy products such as bottled drinks) with a specific emphasis on non-time-sensitive requirements that accommodate the use of existing shared transport lines. Monios (2015) focuses on the use of intermodal transport in the UK retail sector, involving in the study major retailers, logistics service providers and transport operators. Findings from this work highlight that in the studied sample only the largest retailer (Tesco) is successful in directly arranging and establishing the intermodal service by loading complete trains and by having a dedicated service rather than buying space on a service provided by a third party. In this example operational and product-related factors are key to determine the feasibility of the modal shift: in particular the author discusses how intermodal transport is usable for non-time-sensitive products when moved on sufficient distances, with balanced flows in both directions, and when assets can be well utilised. The cases of the other retailers (such as ASDA and Sainsbury's) need to rely on transport providers to consolidate flows and achieve a critical mass justifying the use of rail. Given the necessity to aggregate flows to achieve the critical mass, these cases stress the need for a pervasive approach, which would imply also the establishment of horizontal collaborative relationships that would help in overcoming the abovementioned operational issues and support the development of intermodal transport. Along these lines, supply chain management factors are also discussed by Groothedde, Ruijgrok and Tavasszy (2005) . Their work focuses on the FMCG in the Netherlands and provides a test of collaborative multimodal networks, involving in a pilot study retail organizations and manufacturing companies. Consolidation of flows from different companies in a collaborative environment is needed to facilitate the modal shift, especially for those sectors such as the FMCG characterized by high delivery frequencies with small shipments sizes.
It also appears from the literature that understanding the potential demand for intermodal transport is essential to investigate the feasibility and profitability of the modal shift for supply chain players (Lammgard 2012 , Woodburn 2006 . This would better connect the supply and demand of intermodal transport services. Otherwise, demand inertia would inhibit investments among intermodal operators. This would create a condition of low service quality and demand stagnating on the same low level (Eng-Larsson and Norrman 2014).
To overcome these challenges, a supply chain perspective is needed. Complex relations where several supply chain partners interact should be studied, and real implementation experiences should be shared Norrman 2014, Lammgard 2012) . The existing contributions describing examples of adoption of intermodal transport call for further investigations on the factors affecting the feasibility of the modal shift. A bridging link between academic studies and their practical test, validation, and implementation is claimed in order to provide the academic and industrial communities with further insights on the adoption of intermodal transport solutions in practice (Cheng et al. 2013 ). This would also help companies have a better understanding of the potentialities of intermodal transport and the related enabling factors for improving their efficiency, effectiveness, and environmental performance according to the L&GSCM paradigm.
Objective, research question, and scope of the study
The objective of this research is to investigate how companies can adopt intermodal transport for managing their supply chain according to an L&GSCM approach.
We aim at providing an answer to the following research question:
"How is it possible to make the modal shift from road to rail actually feasible by connecting the supply and demand of intermodal transport along the supply chain?"
The starting point is to provide an estimation of the potential demand for intermodal transport. This represents a fundamental stepping stone for breaking the "vicious circle" described in the literature, according to which demand inertia prevents from investments among operators, and in turn demand remains low with lack of investments. Second, it is necessary to investigate from a practical perspective the challenges and enabling factors for companies in the adoption of intermodal transport, providing useful insights for making the modal shift real from a supply chain perspective.
We focus on the FMCG supply chain as an application example. Among the different sectors heavily relying on transportation, the FMCG industry constitutes a large part of consumers' budget in all countries. Retail trade has attracted considerable interest from consumers and policy-makers because a well-functioning retail sector is crucial for daily provision of essential products at high quality and low cost (Bourlakis and Weightman 2004) .
It is furthermore widely-recognised that the FMCG supply chain represents a key industry to achieve a step-change in transport efficiency, because of the size of the logistics flows generated and traditionally moved by road (Fernie, Sparks and McKinnon 2010) . Increased competition is creating pressure on retailers to simultaneously control cost and improve customer service (Fernie and Sparks 2014) while reducing the environmental impact of their activities (Monios 2015) . This is particularly challenging for the FMCG supply chain as the last few years have witnessed a tendency toward more demanding service level leading to higher delivery frequencies with smaller shipments sizes and consequent fragmentation of flows (Fernie and Sparks 2014) . Hence, the L&GSCM approach seems particularly relevant to the FMCG sector where the modal shift can potentially ensure significant benefits. To conduct the empirical investigation, the paper focuses on the Italian FMCG supply chain.
The Italian FMCG sector constitutes a representative application field given its relevance internationally. In fact, the Italian FMCG sector is among the top four markets in Europe in terms of turnover and generated flows, and it had the second highest growth after Spain in 2016 (Nielsen 2016) . It shows a level of fragmentation of the overall retail market higher that other major European markets such as the UK, Germany, France and Spain (Fornari et al. 2013) . This is also due to the geographical conformation of the Italian territory, which affects how consumer are distributed across the peninsula and its two major islands.
Notwithstanding this feature, it is possible to recognize in the Italian FMCG supply chain the presence of a few major retailers with a considerable concentration of the market shares, similarly to the other main European markets (source: IRI Group data 2015). Additionally, the Italian FMCG market is witnessing a constant trend towards the alignment to the concentration levels of the market shares typical of other European countries (Dallari et al. 2015) . Over the last 20-30 years, the Italian FMCG supply chain has undergone a supply chain transformation, similarly to other European countries, including the adoption of Efficient Consumer Response principles and well-established underpinning IT technologies, such as EDI and internet-based information exchange tools. The supply chain transformation regarded also the restructuring of logistics networks including the rationalisation of the primary transportation, with retailers extending their control upstream with the introduction of distribution centres (Dallari et al. 2015 , Fernie, Sparks and McKinnon 2010 , Fernie and Staines 2001 . Some efforts for increasing the efficiency level of the FMCG supply chain have been also undertaken with alternative transport solutions such as intermodal transport. 
Methodology
We adopted a two-fold methodology, combining a quantitative and a qualitative approach. This can provide a range of insights in the investigation of complex logistics and supply chain management problems (Mangan, Lalwani and Gardner 2004) .
First, a scenario-based estimation tool was developed to provide a quantification of the potential demand for intermodal transport, in terms of freight movements potentially transferable from road to rail. The tool was applied to the Italian FMCG supply chain.
Second, a single longitudinal case study on a primary company operating in the FMCG industry was performed to investigate the challenges and enabling factors in the adoption of intermodal transport.
The scenario-based estimation tool: design and development
The key elements of the developed scenario-based estimation tool are depicted in  the minimum distance from the point of origin to the point of destination (Dmin) [km] .
Alternatively, the estimation tool allows defining the spatial requirements in terms of the following parameter:
 the percentage split between the rail segment length (Df) and the overall travel distance (Df + x + y) which justifies the modal shift, where x and y respectively represent the drayage segments [%] .
In this way, the user gains flexibility in defining different scenarios of analysis depending on the information available to the company: Companies might have more information on the size of the catchment area and the minimum distance from the point of origin to the point of destination, or might prefer to focus on determining the "intensity" of the use of the rail service.
The temporal parameter is related to:
 The service level performance, i.e. required order-to-delivery lead-time associated with each potential road-rail shipment (LTmin) [days] . The minimum lead-time is representative of the possibility to take into account for the rail transport all those shipments characterized by an order-to-delivery lead-time equal or greater than the selected number of days.
The output of the algorithm is the number of freight movements in each origin/destination region (i.e. catchment areas of the hubs) that can be potentially shifted from road to rail each week, expressed in the weekly flow of Intermodal Loading Units (ILUs). As a final outcome, the most relevant origin/destination relations are identified.
With reference to our domain of application, we took into account the typical FMCG supply chain, which relies on a logistics network including manufacturers' facilities, i.e. production plants and warehouses, and retailers' facilities (meaning, distribution centres and stores) (Fernie and Sparks 2014) .
To embrace the supply chain dynamics that go beyond the dyadic relationships among manufacturers and retailers, we included also third-party logistics service providers (3PL).
3PLs are in charge of the management/execution of the activities at manufacturers' and/or retailers' logistics facilities. The extent of the involvement of the 3PLs in the management of the flows depends on the relationships with manufacturers. If the latter outsource not only the execution of the physical distribution activities but also the planning of those activities to the logistics provider, the role of the 3PLs will be such that it must not be neglected (Monios 2015) .
A working group involving GS1 Italy Indicod-ECR and primary companies operating in the FMCG sector in Italy was established, including manufacturers, retailers, and thirdparty logistics service providers. This allowed adopting an end-to-end supply chain perspective and being able to access real data regarding the FMCG shipments. The project database was built through a data gathering activity from 13 manufacturers, 3 retailers and 2 logistics service providers. These 18 companies, being the major players of the Italian FMCG supply chain also from a geographical coverage viewpoint, constitute 10% of all Italian FMCG road freight movements (Dallari et al. 2015) . Following the directions of the working group, the estimation tool has encompassed: A focus group involving the sample companies was organized to define a common template for data gathering that avoided the double counting of freight movements (Morgan 1988 ). Data were then collated in a database containing around 160,000 road freight movements (Table 1) . Taking into account the network of the Italian freight villages, the working group identified 9 areas as the most relevant points of origin/destination of the FMCG flows (Bari, Bologna, Catania, Milano, Nola-Naples, Novara, Padova, Pescara, and Pomezia-Rome). Data were geo-referenced adopting a postal-code level of detail.
The working group indicated two scenarios of analysis to be taken into account to estimate the potential demand for intermodal transport in the Italian FMCG supply chain (see Section 5.1). A case study approach was chosen as it is appropriate to describe and explore new phenomena or to build new theories (Eisenhardt 1989) . A single longitudinal case study investigation was selected. The benefit of exploring a single case study is that more time can be invested in researching and understanding the investigated issue(s) over a wide period of time, especially if significant changes are undergoing (Strauss 1987) . The study was based on With reference to data collection and analysis, a case study protocol was developed (Yin 2003) . A data collection template was designed and gave the possibility of discussing the proposed questions and topics more freely. A draft was prepared and validated in order to check its completeness and clarity. The final version of the data collection template was used for leading the collection of data in our field analysis, and this approach was adopted to ensure consistency and completeness of information to achieve the aim of the research. (Miles and Huberman 1994) . Transcriptions and other forms of documentation were assessed, i.e. the company's website, internal documents on the implementation of the project, and shipment databases. The authors took part in three workshops organized by GS1 Italy Indicod-ECR in which partial and final results were shared and discussed. This triangulation of data increased the reliability and validity of the results (Voss, Tsikriktsis and Frohlich 2002, Eisenhardt 1989) . All the gathered field evidence was collated in a case study database.
The produced case templates were shared with the interviewees for their validation.
Discrepancies among different sources of information were resolved through a recalling of the interviewees.
Results
In this section we describe the results of our study, with reference to the application of the scenario-based estimation tool and to the insights arising from the P&G case study. Figure 2 reports the results of the first scenario. The following parameter setting was adopted: radius of the catchment area of origin and destination hubs equal to 100 km, minimum distance from origin to destination equal to 350 km, and minimum lead-time equal to 1 day. was intended to gather field evidence on the actual feasibility of the modal shift.
Estimation of the potential demand for road-rail intermodal transport

From potentiality to reality: making the shift from road to rail feasible
P&G took part in the pilot implementation test given their interest in enhancing the environmental sustainability of their operations. The company is pursuing the objective of increasing the use of intermodal transport for shipping FMCG products from the current 28% of the overall ton-km shipped to 30% by 2016 and 50% by 2020.
The pilot test for P&G
The pilot test was developed in three phases from July 2013 until April 2015. It was run with existing train services and without modifying the manufacturing/planning activities of the involved companies. With reference to P&G, the test was run on one of the main O/D relations for the company, i.e. Novara/Milano-Pomezia, one of the top relations identified in the estimation of the potential demand. The size of the origin catchment area was defined in agreement with the involved MTO to be equal to 10 km, while at destination to be equal to 30-150 km. The rail travelled distance was equal to approximately 600 km. P&G decided to run the test on "next day" orders (delivery within 24-48 hours without modifying the agreements on the delivery time windows with their customers) for non-perishable and nonfood products. 45-foot ILUs, i.e. swap bodies able to contain up to 33 palletized unit loads, were used for running the test. The operational "mechanism" of the test was composed of different steps. First, P&G ensured a high degree of visibility on the availability of the selected orders for the pilot test by sharing the information with the supply chain partners upstream and downstream. This was necessary to facilitate the organization of the intermodal delivery process and to allow for greater coordination -something that, according to the interviewees, is not very common in the FMCG supply chain. Basing on the received information, the MTO had the possibility to book the appropriate train service(s) and make the ILU(s) available at P&G's manufacturing plant docks. Thanks to the sharing of information, the MTO was able to monitor in real time the entire process. In case of delays in the load preparation, which could lead to the impossibility to meet the scheduled train appointment, the MTO was enabled to free the booked service and make this freed transport capacity available for other customers. In organizing the door-to-door delivery service, the MTO ensured that in case of matters arising with reference to the intermodal transport, an allroad transport backup could be activated for completing the planned delivery. The real-time information regarding the delivery process and status was shared with the customer(s) (i.e. the consignee), and the transport schedule was agreed between P&G and the customer based on the existing delivery time windows.
To evaluate the pilot test, the company analysed the encountered problems in the modal shift and the causes generating those issues.
Additionally, a dashboard of Key Performance Indicators (KPIs) was defined, in terms of efficiency, effectiveness, and sustainability of the intermodal transport: 
The results of the pilot test
1,625 customer loads were concerned over the three phases. These loads account for approximately 20% of the total Full Truck Load Shipments organized by P&G on the O/D relation Novara/Milano -Pomezia, and they represent the potential flows to be shifted from road to rail. The test involved 189 customers located across 32 Italian provinces.
Out of the concerned loads, 17% were actually shifted from road to rail. Four main categories of causes of the misalignment between the overall potentially shifted flows and the actually shifted ones were identified:
 Missed loads due to P&G: this category is related to issues in the planning of shipments due to manufacturing delays internal to P&G. This accounts for 14% of the potential flows. For running the pilot test, no amendments to the current production planning were introduced. This resulted in a series of missed loads on trains due to variations in the production schedule in P&G's planning process. The company, in fact, for reasons including rush orders and late production due to backlogs, needed to alter the pre-determined shipment schedule. These changes in the upstream supply chain could be accommodated by the all-road transport but not by the intermodal transport due to train schedules/operational constraints.
 Missed loads due to order size: this category exists because the customer order size can be non-compatible with the loading capacity of the adopted ILUs. This accounts for 19% of the potential flows. In those cases data show that customers placed orders, which size was equal to 34 pallets. This exceeded the capacity of the adopted ILUs (33 pallets). In those cases P&G was forced to rely on all-road deliveries for accommodating customers' requests.
 Missed loads due to train causes: this category refers to cancellations, unavailability of a train service, or assets and to insufficient loading capacity. This accounts for 9% of the potential flows. These problems emerged since the pilot test was run relying on the existing offer of train services (no ad-hoc services were introduced). When it wasn't possible to guarantee balanced flows on both directions connecting the origin and destination hubs, the MTO was forced to cancel the train service due to insufficient demand. P&G lamented also that in some cases the missed loads were due to waiting times for obtaining an empty ILU for loading goods and to unavailable flatbed trailers for completing the drayage operations. 
Discussions
The results of the test in terms of loads actually shifted from road to rail seem to confirm the existence of a potential demand for intermodal transport. The same can be said for the feasibility of the modal shift, even with the current availability of intermodal services, supply chain planning processes, and companies' operations.
Results confirm the opportunities to increase the sustainability and efficiency of the supply chain, in line with the extant literature that stresses the opportunities to concurrently reduce CO2 emissions and optimise transportation costs (Colicchia et al. 2016 ). However, intermodal transport documented a slight decrease in effectiveness.
The discussion of the field evidence with the interviewees allowed identifying six groups of factors enabling an increased use of intermodal transport together with better performance in terms of effectiveness, efficiency, and sustainability. In the discussion we also engaged with the literature, and this helped in producing recommendations (Table 2) . 
Planning and Management
The first factor to be mentioned is the Order to Delivery Cycle The replenishment mechanisms should also embrace order size decisions aligned with intermodal transport constraints to be achieved through an increased communication among supply chain partners (especially between customers and shippers), as clearly shown in the pilot test and hypothesized in the literature (Monios 2015) . The feasibility of the modal shift is also connected to the existence of a critical mass of flows along the chain of supply Fontane 2010, Groothedde, Ruijgrok and Tavasszy 2005) . From a single company's perspective, this is crucial, especially when flows are strongly variable over time and affected by reorders and promotional plans not directly controlled by supply chain managers.
"The main problem is the variability of the flows, which is caused internally by our promotional plans and downstream by the reorder plans of retailers. It looks like logistics is affected by sales processes."
The critical mass could be achieved through an aggregation of flows enabled by a centralized planning within the single company and by horizontal and vertical collaboration along the supply chain, as advocated by Mason, Lalwani and Boughton (2007) . The consolidation of flows and the compensation of the variability of the demand for transport over time could be centrally and dynamically managed by an integrator acting as a control tower (Pan, Ballot and Fontane 2013, Lammgard 2012) . This, as suggested by the company, could be potentially achieved through an independent fourth-party logistics provider that is able to combine the interests of supply chain players.
"Horizontal collaboration among companies is possible but very complicated to achieve in practice. An integrator is needed, in other words an external player that works on making the collaboration possible and able to facilitate the optimization of the system."
An additional factor emerging from the pilot test and from the literature is represented by a diffused visibility on the flows across the supply chain in terms of cost allocation and real-time tracking of flows for better service reliability (Macharis et al. 2012 ). This can be achieved through synchronized information systems for sharing data among supply chain partners as promoted by P&G in the pilot test.
"A reliable real-time data repository with enough guarantees of security and confidentiality is a true aggregating factor in terms of relationships within the collaboration initiative."
The literature supports this view, as information systems play a critical role for increasing the flow of data, for improving the quality of information, and for offering the possibility to control and coordinate operations in real-time (Caris, Macharis and Janssens 2013).
Assets
The possibility of actually shifting loads from road to rail is often constrained by the inability of intermodal terminals and ILUs to accommodate the necessities of the FMCG supply chain and by the lack of optimal asset utilization. The literature stresses the relevance of having intermodal terminal operations adapting more flexibly to the necessities of shippers and transport operators: this includes opening times of terminals spanning on wider time windows and on more days of the week, along with reasonable additional costs for operations carried out in "extra-time" conditions (to be paid by the user -e.g. avoiding to pay double on Sundays) (Monios 2015) . Operational issues related to the opening times of terminals were also highlighted by the company. 
"On an O/D relation, the same reefer ILUs used on one direction can be used as nonreefer ILUs on the other one if necessary: this is a solution for better managing assets capacity but it is rarely implemented in reality."
In the literature this has been studied as a resource management problem that tackles the allocation of resources in the intermodal transport network. As stressed by the company, this is critical for the well-known limited availability of assets, including ILUs and flatbed trailers. Resource management encompasses empty loading unit repositioning, which seeks to dynamically optimize the allocation of empty ILUs where they're needed after a delivery service is completed. This would allow re-balancing the availability of assets in the intermodal transport network and to match more accurately the demand and supply of transport services. Such action is intended to make sure that after a resource is released, it would be repositioned where it is needed. To achieve this objective, the literature acknowledges the importance of incorporating backward flows into transportation planning and resource management (SteadieSeifi et al. 2014) .
Train services
This category refers to the availability of a sufficient number and spread over time of train services to meet the demand for intermodal transport. This could also guarantee the service level performance required by the FMCG supply chain, as the interviewees pointed out. A critical mass of flows needs to be realized through small scale trials that will enable supply chain players to connect and match supply and demand, justifying the introduction of new train services (Lammgard 2012). The pilot test described in this paper represents a first attempt to disseminate insights on the actual feasibility of the modal shift to facilitate the development of new train services. Other avenues for obtaining a wider selection of available train services could focus on enhancing the path flexibility of the existing network, as suggested by the literature (Monios 2015) : releasing unused or underused tracks that would become available to other transport operators could help in improving the general flexibility and responsiveness of rail services. This flexibility could also be enhanced through relaxation of path restrictions that give priority to passenger transport during the day, and force freight trains to run only during the night (notwithstanding the average higher cost for the night shifts of train drivers). As our interviewees pointed this could be beneficial for aligning train schedules to the flexibility necessities of the FMCG supply chain operations but it could become difficult to realise when paths during the day are already busy.
Supply Chain Collaboration
The study demonstrated that wider issues related to collaboration initiatives in the supply chain exist. The interviewees pointed out that it would be beneficial to have a clear understanding of the rules regulating the "profit and cost" sharing among the different players, as confirmed by the literature (Zhou, Van Hui and Liang 2011) . The interviewees claimed that it would be necessary to define clear collaboration rules, at the moment non-existing, in a "code of conduct". These rules should determine the mechanisms for joining/leaving the collaboration initiative and facilitate a collaborative use of intermodal transport by leveraging spare capacity across the network (Vachon and Klassen 2006) .
"If a clear definition of joining mechanisms together with mechanisms for leaving the collaboration initiative existed, I would expect more and more companies to be interested in joining."
This would represent the foundations for establishing trust in the relationships across the supply chains partners, which is a key element for enabling supply chain collaboration, as underlined by the literature (Ballot and Fontane 2010) . Additionally, one of the foremost drivers of the success of collaboration initiatives, as strongly claimed by the interviewees, is
represented by the widespread appraisal of the importance of the L&GSCM approach among supply chain players (Garza-Reyes 2015, Rossi et al. 2013 ).
L&GSCM principles should be embedded in companies' strategy through champions at senior level and a changed mind-set in organizations to lead the development of a lean and green FMCG supply chain. According to the interviewees, this seems to be far from a reality in the current situation, as also supported by the literature (Monios 2015, Abbasi and Nilsson 2012 Consequently, according to the interviewees, contractual agreements should include rules for sharing/pooling the risks connected to the uncertainty and volatility of demand for transport services. Likewise, in the relationship the perspective of both parties and not only the perspective of the "strongest" player should be taken when contracts are designed. This is also reflected in the literature, where it is suggested that contracts for intermodal services 
Incentive schemes
A strong commitment from the public sector must be conducive to the growth of intermodal transport (Beskovnik and Twrdy 2015) . Since the start-up of modal shift initiatives requires initial investments and can imply extra costs in the ramp-up stage, as described by the interviewees, targeted funding from the European Union and national governments would be beneficial to support developments (Monios 2015 Financial frameworks and regulatory actions such as incentives/disincentives could be enabler of the modal shift for greater use of intermodal transport, and these schemes could lead all together to the development and operation of real hub terminals, as indicated by the literature (Kreutzberger and Konings, 2016) .
A collaborative business model for making the modal shift possible
It was possible to conceive a collaborative business model for facilitating the modal shift from road to rail. GS1 Italy built on the outcomes of the CO3 European Project to define the contractual and operational agreements among the parties involved, i.e. shippers, logistics service providers, and MTOs. The lesson learned from the evidence is that collaboration hardly happens since trust among players is generally lacking along with rules for fair competition/interactions. In the proposed collaborative business model, a new player is introduced: the trustee, i.e. an individual or an organization acting as neutral and transparent collector of information related to the shippers' freight movements. The trustee communicates also with logistics service providers and MTOs for transport capacity management and operations execution. It creates the critical mass necessary to connect the supply and demand for intermodal transport. These activities need to be supported by adequate IT systems and visibility/tracking software packages. Taking the responsibility of legal contracts among the parties, the trustee ensures data protection and confidentiality so that fair competition among shippers is guaranteed. Supply chain collaboration is hence enabled by a "manifesto for collaboration" published by the trustee and subscribed by the shippers, logistics service providers, and MTOs.
An extension of this collaborative business model is represented by the involvement of consignees (e.g. retailers) to adopt a true end-to-end supply chain perspective. This can be done by raising awareness of intermodal transport opportunities among consignees to better align their planning with the replenishments in the entire supply chain. It would be advisable to leverage the role of the trustee to engage with consignees through appropriate agreements and create a vertical and horizontal collaboration.
Conclusions
The present research investigated how companies can adopt an L&GSCM approach through intermodal transport to be efficient, effective, and sustainable in today's competitive arena.
We have provided an answer to our research question (i.e. how is it possible to make the modal shift from road to rail actually feasible by connecting the supply and demand of intermodal transport along the supply chain?) by proposing a scenario-based estimation tool of the potential demand for intermodal transport and by discussing a real-life case study of adoption of intermodal transport in the Italian FMCG supply chain.
The estimation of the potential demand represents a starting point to achieve a stepchange in transport efficiency, effectiveness, and sustainability whose feasibility, however, depends on a number of factors, as discussed in the case study. Our study has identified a number of pathways for action from both a theoretical and practical perspective.
From a theoretical perspective, this research is the first in the academic community to address the adoption of intermodal transport from a supply chain perspective, providing a holistic view that feeds into a newly developed business model. In this way, this paper contributes to the theories on the actual feasibility of the modal shift from road to rail. The proposed scenario-based estimation tool represents an instrument that could be easily adopted in other contexts including appropriate input data and values of parameters. We have provided the academic community with field evidence that complements the current availability of theoretical studies, mostly proposing illustrative quantitative models.
From a practical perspective, our research offers companies insights on the challenges and opportunities of shifting from road to rail, through the discussion of a case study and an end-to-end supply chain collaborative business model. This study contributes to the development of best practices, which might help in breaking the "vicious circle" of the misalignment between supply and demand that keeps intermodal transport at low levels of quality and prevents from beneficial investments from operators and public bodies.
In fact, the implications of our work regard also policy. While an effort should come from organizations in the FMCG supply chain as previously discussed, public bodies and policy makers should act as a catalyst for empowering supply chains in the modal shift. As discussed in this paper, tools for making this possible are represented by targeted funding (National and EU) for starting the initiatives and disincentives for less green modal choices.
From the policy making viewpoint, additional avenues for making the modal shift a reality can be represented by "federated or centralised approaches" to hub planning and load bundling or consolidation with the aim to enable critical mass in rail transport. Our study, in fact, highlighted the potential to create this critical mass thanks to the aggregation of freight movements through collaborative approaches in the end-to-end supply chain. These approaches could also enable a wider collaboration between intermodal corridors, fostering the adoption of a "network vision" that can allow for maximising trainloads instead of minimising travelling distances, as also supported by the literature (Kreutzberger and Konings, 2016) .
The main limitation of this study is that the discussion is based on the experience of a single company operating in a specific sector, although within a wider group of companies that shared the outcomes of the pilot test and provided the data regarding the potential demand for intermodal transport. It should also be recognized that our work focused on the FMCG supply chain with the roll-out of the pilot test in Italy: however the discussion of the enabling factors are not strictly related to the Italian context as they address challenges and opportunities that are typical to intermodal transport in general. For example the realisation of the critical mass to ensure efficient and timely service is common to the organization of intermodal services in any country. Consequently, it is believed that the present study offers meaningful directions for well-grounded initiatives towards a step-change in the growth of intermodal transport. The results of our work can also stimulate further research to provide new empirical evidence, e.g. by extending this study to the European area to further investigate the enabling factors of intermodal transport at an international level and in other industries. Other pilot tests should encompass also the adoption of the discussed business model. Future research should focus on refining the content of the agreements and the management of the collaborative relationships among supply chain partners. 
